Report 1
D.C., a full-term baby girl weighing 4380 g, was severely cyanotic at birth. The mother had taken non-steroidal anti-inflammatory drugs in the second month of pregnancy. Transcutaneous oxygenation was 70%. ECG showed right atrial enlargement and reduced electrical forces of the right ventricle. Echocardiographic examination displayed a hypertrophic ventricular septum, rightventricular hypertrophy with a small cavity and right atrial enlargement (Fig. 1) . The foramen ovale was patent and a right to left atrial shunt was observed. Tricuspid and pulmonary valves were normal in shape and their dimension and insertion were neither atretic nor stenotic. The tricuspid valve was mildly insufficient, the annulus Z-score À1.29 [calculated by the program 'Parameter(z): Tricuspid Valve Z-Score Table' , available at: www.para meterz.blogspot.com/tricuspid-valve-z-score-table.html]. 11 There was no evidence of a patent ductus arteriosus. According to these data, an isolated RVH was diagnosed. On oxygen administration, the patient's clinical status improved. RVH lessened with increasing age up to resolution, which was observed a few months later. At the age of 3, the patient underwent an echocardiogram, which showed that the right ventricle had normal volume and trabecular overgrowth, tricuspid valve was slightly insufficient (Z-score þ0.02) and a patent foramen ovale shunted left to right.
Report 2
P.M. was born via spontaneous delivery at 36 weeks of gestational age. The weight at birth was 2500 g. A prenatal suspicion of RVH had been formulated. The mother reported that she had taken no medications during pregnancy, including non-steroidal anti-inflammatory drugs. The neonate appeared slightly cyanotic 2 h after delivery, the oxygen saturation being 88%. ECG showed right atrial enlargement and reduced electrical voltages of the right ventricle. The echocardiogram (Fig. 2 ) displayed a small right-ventricular chamber with severe parietal hypertrophy and absence of the trabecular portion. The right atrium was dilated, the tricuspid valve small (Z-score À2.9), but normal in shape and insertion, and a small regurgitation was observed. The pulmonary valve was normal but small, as well as the pulmonary arteries, and slightly stenotic. An atrial septal defect shunted right to left. No ductus arteriosus was identified. The patient became severely hypoxic, despite intravenous prostaglandins, and was referred for surgery in order to create a Blalock-Taussig shunt. Despite intensive treatment, postnatal cyanosis persisted with significant pulmonary hypertension, which required dobutamine administration and mechanical ventilation. Subsequently, she did well by means of oxygen delivery and sildenafil. Within 5 days, arterial oxygenation improved and cardiac surgery was no longer necessary. Cardiac catheterization and venous angiography demonstrated a small, smooth-walled right ventricle with a hypoplastic trabecular portion and no outflow tract Two-dimensional and colour-flow echocardiogram. Sub-costal view: a small right-ventricular chamber with severe hypertrophy and absence of the right-ventricular trabecular portion. Right atrium is dilated. The tricuspid valve is small, but normal in shape and insertion. The pulmonary valve is normal. No duct is identifiable. obstruction. Left-ventricular angiography was normal. The diagnosis of isolated RVH appeared congruent. Outcome was good with progressive reduction of rightventricular hypertrophy and the right-ventricular cavity growing over the following year. When the patient was 1 year old, the right-ventricular cavity was slightly hypoplastic and tricuspid valve was small (Z-score À0.74), as well as pulmonary valve and arteries. A patent foramen ovale shunted left to right. The patient is actually in good health and is not taking any medication.
Report 3
I.F., a 3170 g full-term baby male, born via spontaneous delivery, was referred to us for the evaluation of a severe neonatal cyanosis, transcutaneous oxygenation of 86% and reduced right-ventricular voltages on the electrocardiogram (Fig. 3) . No drugs had been taken during pregnancy. Echocardiographic examination demonstrated an aneurysmatic atrial septum with a large bidirectional shunting defect, a tricuspid valve of normal shape, small valve ring (Z-score À1.10) and a minor regurgitation. The right ventricle was hypoplastic, the pulmonary valve dysplastic, neither stenotic nor insufficient. Pulmonary arteries were small. A small sub-aortic ventricular septum defect was evident and no patent ductus arteriosus could be identified. Isolated RVH was diagnosed. The patient was conservatively managed with supplemental oxygen. The clinical status gradually improved and the patient was slowly weaned off his supplemental oxygen over the course of a few days. The baby was lost to follow-up.
Comments
According to the definition by Freedom, the three cases we report can be classified as isolated RVH. The trabecular component of the right ventricle was absent in the second case report, markedly attenuated in the other two. Tricuspid valve malformations were absent. No ductal flow could be identified a few hours after birth. Pathogenetically, it is convenient to distinguish the congenital tricuspid stenosis, characterized by a narrow orifice due to failure of commissural separation, from hypoplasia of the tricuspid valve, characterized by a small-sized valve ring, small valve leaflets, without other abnormalities. 3 Up to now, isolated RVH has been reported in 74 patients 1,3,7,9,12 -39 in 35 different studies (Table 1) , most of them in infancy and a few in adulthood. In most cases, the cause of isolated RVH is unknown, whereas in other cases a familiar tendency can be observed. [3] [4] [5] [6] [7] 18 In 12 patients 3,4,9 reported in the literature, the ductus arteriosus was unusually narrow for a newborn or closed in utero, or within 24 h after delivery, and in two patients it was open 6, 18 ; in the other studies, there was no mention on its patency. The closure of the ductus arteriosus was stated when the ductus was absent on standard twodimensional views, and colour and pulsed-wave Doppler, or either of them; investigation showed no flow in utero or within 24 h after birth. 9 In the absence of an identifiable cause, we speculate that the premature closure of the ductus arteriosus may be responsible for some transient cases of RVH, as well as in our studies. Really excessive right-ventricular hypertrophy seems to be a consistent finding (100% of cases) in the reports on premature closure of the arterial duct. 9 Premature ductal closure results in a sudden increase of right-ventricular afterload, which is poorly tolerated by the immature ventricle, 10 and results in pulmonary hypertension, right-ventricular hypertrophy, dysfunction, dilation, 40 tricuspid valve regurgitation, papillary muscle stress, ischaemia and sometimes papillary muscle rupture with flail valve. 9 Following delivery, the sudden drop in afterload leads to 'collapse' of the dilated and hyper-trabeculated right ventricle. This would explain the high incidence (75%) of bipartite right ventricle and isolated RVH (trabecular portion), as a postnatal finding of premature ductal The ECG displays right atrial enlargement and absence of right ventricular electrical forces. Table 1 Previous studies on patients with isolated right-ventricular hypoplasia A, alive; aAo, ascending aorta; Angio, angiocardiography; ASD, atrial septal defect; CHF, congestive heart failure; D, dead; DCMP, dilated cardiomyopathy; Echo, echocardiography; F, female; I, improved; LPA, left pulmonary artery; M, male; NM, not mentioned; PA, pulmonary artery; PDA, patency of ductus arteriosus; PFO, patent foramen ovale; PPAA, pulmonary arteries; PV, pulmonary valve; RSHF, right-sided heart failure; RV, right ventricle; RVH, rightventricular hypoplasia; S-to-P, collateral systemic-to-pulmonary arterial supply; T, thoracotomy; TV, tricuspid valve. Other studies of RVH: Stoermer and Apitz (1965) 16 ; Bondarev et al. 
. 39 closure, 9 and is responsible for inadequate pulmonary blood flow, atrial right to left shunting, noteworthy neonatal hypoxia and cyanosis, as witnessed in the postnatal presentation of these patients. The natural history of this abnormality is rather benign, 2 though the clinical spectrum and prognosis vary considerably in accordance with the degree of hypoplasia 1 and the atrial septal defect. The reduction of right-ventricular hypertrophy, the increase of the right-ventricular cavity in a few weeks, with the normalization of cardiac size and the consequent recovery of the right-ventricular and pulmonary function, 8, 9, 29, 41 have been documented in other as well as in our studies. We can call these reversible cases 'transient' isolated RVH. Different outcomes in cases of isolated RVH and premature closure of ductus, ranging from reversibility of effects and exitus, may be related to gestational age when ductus closes, because the shorter the rightventricular exposure to a higher pulmonary vascular resistance, the greater is the right-ventricular unloading. This shorter right-ventricular exposure minimizes damage to pulmonary vasculature due to high pressure and improves prognosis. 9 In our studies, there was no familial tendency for congenital isolated RVH, and even without performing any genetic investigation, we could assume that our cases may have been related to a premature ductal closure.
In conclusion, foetal premature closure of the arterial duct causes stress at different foetal ages and many different levels of the right heart and pulmonary circulation, resulting in a wide range of associated defects. We want to underline the premature closure of ductus arteriosus observed in our series of patients affected by isolated RVH. We speculate that the cases with a rather benign outcome, the 'transient' isolated RVH, could likely be those with coexistent spontaneous premature ductal closure at late gestation or within 24 h after delivery. The widespread use of echocardiography, performing examinations during foetal life and at birth, will be useful to clarify this correlation.
